The essential oil of Teucrium stocksianum Boiss. subsp. stocksianum leaf grown in Oman was analyzed by GC-MS. Forty seven components amounting to 76.1% of the total oil were identified. The major constituents were α-cadinol (7.6%), β-selinene (6.4%), trans-verbenol (5.9%), caryophyllene oxide (5.7%), α-phellandren-8-ol (5.0%), verbenone (5.0%) and δ-cadinene (5.1%). The antimicrobial activity of the oil was tested against a panel of seventeen bacterial and six fungal strains by the disc diffusion method. The oil inhibited the growth of all test organisms at various levels; however, it showed significant inhibitory activity against Staphylococcus and Streptococcus species, as well as yeasts. The minimal inhibitory concentrations (MIC) were also determined.
The genus Teucrium (Lamiaceae) is represented by about 300 species of which many of them find use in the folk medicine of several countries as stimulants, tonics, stomach ache remedies and anti-diabetic agents. The general phytochemistry of Teucrium species is dominated by the presence of clerodane and neo-clerodane diterpenoids [1] . We recently studied the composition and antimicrobial activity of the leaf essential oil of T. mascatense, a species endemic to Oman [2] . T. stocksianum subsp. stocksianum, a species which also shares the common Arabic name, ja'dha, with T. mascatense, is seen in northern Oman [3] . T. stocksianum is a popular treatment for stomach ache, as well as an anti-fever remedy in the herbal medicine of the United Arab Emirates and Sultanate of Oman. Considering the widespread use of T. stocksianum in Arabian herbal medicine, the cytoprotective and hepatoprotective properties of T. stocksianum extracts were studied, in addition to the toxicological effects and the neuromuscular and microvascular changes associated with chronic administration of aqueous extracts in rats [4] [5] [6] [7] . Earlier phytochemical studies on this plant deal with isolation of flavonoids and shiramool epoxides [8, 9] . The composition of the essential oil of T. stocksianum from the United Arab Emirates and Iran were also reported recently [10, 11] . However, no biological studies on these oils are reported in the literature.
The present investigation is a part of our ongoing studies on the essential oil yielding plants of Jabal alAkhdar, the main mountain massif of northern Oman, which reaches a height of about 3000 metres. The higher parts of the mountains have a climate that is distinctly cooler and wetter than the low lands and the whole range is classed as having an arid or semiarid climate [12] . The biodiversity characteristics and ecology of this area is still poorly studied. Even though a regional checklist of the flora for this region is available, chemical and pharmacological studies on plants growing in this region are scarce [13] . The present investigation was undertaken to study the composition and antimicrobial properties of the essential oil of the title plant growing in the Jabal alAkhdar area and the results are reported here. A sample of essential oil, prepared by hydrodistillation, was initially analyzed by GC and followed by GC/MS. The oil detected 80 components of which 47, amounting to 76.1% of the total oil, were identified by comparison of their mass spectral data with reference spectra in the computer library and are listed in Table 1 . Twenty-three compounds, amounting to 30.3%, are monoterpenoids. Among the sesquiterpene series, 13 sesquiterpene hydrocarbons (22.1%) and 11 oxygenated sesquiterpenes (23.8%) were identified. The identification of 33 components (total 23.9%) was unsuccessful due to the lack of authentic spectra in the library. However, the mass spectral data of the unidentified compounds suggested that all of them were terpenoids, which included sixteen monoterpenes (5.8%), four sesquiterpene hydrocarbons (2.5%) and thirteen oxygenated sesquiterpenes (15.6%). α-cadinol (7.6%), β-selinene (6.4%), trans-verbinol (5.9%), caryophyllene oxide (5.7%), α-phellandren-8-ol (5.0%), verbenone, (5.0%), δ-cadinene (5.1%) and an unidentified oxygenated sesquiterpene (5.6%) were the major constituents of the oil.
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A comparison of our T. stocksianum oil composition with those reported for the samples collected in the UAE [10] and Iran [11] indicated pronounced variation in the components, as well as in their relative percentages. The major compounds identified in the UAE sample were α-cadinol (12.0-14.6%) and δ-cadinene (12.4-13.8%), whereas the major constituents of T. stocksianum oil from Iran were found to be α-pinene (36.6%), β-pinene, (14.2%) and β-cubebene (5.0%). These differences could be attributed to the geographic as well as the climatic variations.
The antimicrobial activity of the oil was tested against a panel of 17 bacterial and six fungal strains using the disc diffusion technique on solid media [14] . The results of antimicrobial assays are summarized in Tables 2-3 . The oil inhibited the growth of all bacterial strains to a varying extent, thus exhibiting a broad spectrum of activity ( Table 2 ).
The oil produced comparatively good zones of inhibition, which ranged from 9.0-18.5 mm at a concentration of 2mg/disc. Most of the Gram-positive strains, for example, the saprophytic Bacillus species, as well as the pathogenic species of Staphylococci and Streptococci, exhibited higher susceptibility to the essential oil. Amongst these, Streptococci were found to be the most sensitive. Gram-negative organisms were also found to be sensitive to the oil, with higher susceptibility being exhibited by enteric strains of E. coli and Salmonella; however, strains belonging to Enterobacter and Proteus species exhibited lower susceptibility. The oil retained its activity up to a concentration of 1 mg in the disc diffusion assay.
The oil also showed moderate antifungal activity against yeasts and moulds; however the activity was greater against yeasts than to other fungi ( Table 3) . Growth of Candida and Saccharomyces species was inhibited by 8 mg/disc of the oil, which was comparable with the inhibition zone of the mycostatin disc (15 μg). Overall, the inhibitory oil concentrations required for filamentous fungi were considerably higher in comparison to the inhibitory concentrations required for bacterial species. The range of MIC concentrations varied from 4.5-5.5 mg/mL for Gram-positive organisms and 6.5-11.0 mg/mL for Gram-negative organisms, with the exception of Proteus, which exhibited much higher resistance (Table 3) . Taken together, these data indicate a potential use of this essential oil for its local antiseptic activity.
Experimental
Plant material: Teucrium stocksianum Boiss. subsp. stocksianum used in this study was collected from the higher planes of 'Jabal Al-Akdhar' in April 2004 and authenticated by Dr Annette Patzelt, Department of Biology, SQ University, Oman, where a voucher specimen (voucher number 120) has been deposited.
Oil isolation: A sample of light yellow oil was isolated by hydrodistillation of 50 g shade-dried, powdered leaves using a Clevenger-type apparatus for 4 hr (yield 0.4%).
Preliminary gas chromatographic analysis:
The preliminary GC analysis was carried out by means of an HP 5890 gas chromatograph equipped with an HP-1-cross-linked methylsilicone gum capillary column (25 m × 0.32 mm × 0.52 μm film thickness), using a FID detector.
Gas chromatography-mass spectral (GC-MS) analysis:
The oil was diluted with an appropriate volume of dichloromethane and analyzed by GC-MS on a Shimadzu model (GC-MS-QP/ 5050A) instrument equipped with an HP-5 (5%-phenyl) methylpolysiloxane-nonpolar-capillary column (30 m × 0.32 mm × 1.0 μm thickness) and interfaced with a quadrupole mass spectrometer.
Analytical conditions:
The injector and interface temperatures were kept at 275˚C and 300˚C, respectively; the oven temperature was programmed from 70˚C to 270˚C at a rate of 3˚C/min. Helium was used as the carrier gas with a linear velocity of 74.6 cm/s and the total flow rate was 39.9 mL/min. Mass spectra were continuously recorded from 40 to 500 m/z. The MS operating parameters were: ionization voltage 70 eV, scan rate 500 amu/sec. The components of the essential oil were identified by computer aided matching of their mass spectral data with the reference spectra (Wiley 229119, 2000) in the data base. 2 and 3) . The bioassays were carried out as described in the NCCLS guidelines [15] . Pure cultures of these bacteria were maintained on slopes of nutrient agar (Difco) at 4˚C, which were subcultured and incubated in Mueller-Hinton broth (Difco) 18 hr prior to the assay.
Antibacterial activity bioassay:
The essential oil was tested for antimicrobial activity using the disc diffusion technique on solid media [14] . Sterile, 6 mm diameter Whatman 41 discs [containing filter sterilized essential oil, initially diluted to 40 mg/mL with ethylene glycol and further diluted to achieve the required disc concentrations with phosphate buffered saline (w/v)] were placed on plates of Mueller-Hinton agar (Difco), which had been surface spread with 0.1 mL of logarithmic phase bacteria at a density adjusted to a 0. (Miles and Amyes, 1996) , were used in parallel [16] .
Antifungal bioassays:
The antifungal disc diffusion assay was performed by employing the above techniques utilizing Sabouraud's agar and 0.2 mL yeast / fungal spore suspension (10 8 colony-forming units [CFU]/mL). The plates were incubated at 27˚C for 48 hrs.
Minimal inhibitory concentration (MIC):
The essential oil was tested for antibacterial activity using the microbroth dilution method in broth media Mueller-Hinton (Difco) using NCCLS guidelines (NCCLS, 1997). In these experiments, 50 μL of a suspension containing 1 ×10 6 CFU/mL was added to 100 μL of susceptibility test broth containing serial twofold dilutions of the essential oil in sterile ELISA plate wells. All plates were incubated at 37˚C for 24 hr before being read. The MIC was considered to be the lowest concentration of the sample that prevented visible growth. Minimum bactericidal concentrations (MBCs) were determined by subculturing 10µL from each negative well and results were compared with the positive growth control. MBCs were defined as the lowest concentration yielding negative subcultures. All samples were examined in duplicate.
